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Design Submittal (Revised)

Landfill Gas Extraction System
Laidlaw Waste Systems (Bridgeton), Inc
Bridgeton, Missouri

May 18, 1992
I PROCESS OVERVIEW

Landfill gas (LFG) is generated by the anaerobic decomposition of refuse buried in the landfill.
LFG consists mainly of methane (45 - 50%), carbon dioxide (45% - 50%), trace amounts of
organic compounds, and sulfur bearing compounds. The methane content of LFG makes it a
very good fuel source. LFG is currently being used at many landfills for either electrical
generation or as a replacement fuel for natural gas in industrial equipment. Laidlaw Waste
Systems (Bndveton) Inc, is applying for the installation of a LFG flare, but LWS is pursuing
useful energy recovery for this site.

The existing, permitted LFG extraction and ventilation system will be upgraded to provide active
gas extraction from active and closed portions of the sanitary landfill. Extraction will be achieved
via header connection to fourteen (14) existing wells, four (4) new wells, and three (3) new
horizontal trenches to dual multi-staged gas blowers. The extracted LFG will be incinerated by a
2500 standard cubic feet per minute (SCFM) capacity, IT McGill enclosed flare. Please see
Section IV for initial LFG production estimates.

11 PROJECT HISTORY

In June 1985, on behalf of Westlake Sanitary Landfill, Burns & McDonnell (Kansas City, MO)
submitted to MDNR, a permit application which included designs for the currently installed LFG
venting system. This venting system encompasses the existing four (4) gas vents (GC # wells),
and four (4) leachate collection wells (LCS # wells) in the current fill area. :

In or around 1986, Westlake permitted and constructed a LFG flare, located at the end of
Taussig Road. This system extracted LFG from six (6) wells located in a previously filled area
north of the flare.

In 1989, LWS made repairs to the header piping and the six LFG extraction wells. Safety and
operational conveniences were added to the flare and blower controls.

In 1991, LWS began to receive complaints concemning odors around the landfill. A subsequent
meeting with all responsible regulatory agencies was held in December 1991, and LWS proposed

a remediation schedule. This report and accompanying design will achieve the results aoreed '
upon during that meeting. :

Subsequent to that meeting, LWS employed the use of odor masking agents in the active area.
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These agents will continue to be used throughout installation of the proposed LFG extraction
system. '

II1 DESIGN NARRATIVE
A) Extraction wells in closed portions of landfill

Four (4) new, LFG extraction wells will be installed in the area southwest of the existing flare
station. These wells will be installed to a depth of approximately (60) feet, using a truck
mounted, 36" bucket auger. These wells will be constructed with High Density Polyethylene
(HDPE) or Poly Vinyl Chloride (PVC) piping. Detail 1-4 shows typical LFG well construction
data. ‘

When landfill gas is collected, water vapor in the gas cools and forms condensate. This
. condensate must be drained from the collection header so that is does not pool and form
blockages. The collection header at the Bridgeton landfill will be sloped to condensate lift
stations.
New HDPE header piping of various diameters will be installed to carry the LFG to the existing
flare station. The header will be installed in such a manner to convey both LFG and liquids
(condensate) to a condensate lift station (Detail 2-4).

At the condensate lift station, the collected liquids will be "pumped” to a holding tank located at
the "new" tlare station. This condensate will be handled as leachate, and transferred to the
existing leachate aeration lagoon. Following treatment, this will be discharged to the municipal
sanitary sewer system. '

A six (6) inch HDPE header will be constructed along the existing six (6) wells. Prior to
installation of this portion of the header piping, dynamic consolidation may be utilized to
stabilize the refuse and soils surrounding the header. This dynamic consolidation is intended to
minimize the effect of differential settiement around the header. Dynamic consolidation has been
successfully used at other municipal solid waste landfills, reports of which are in Appendix 1. To
promote correct surface water drainage in this area, LWS may place additional refuse capacity in
this area. Any additional refuse would be placed within currently permitted areas, and would not
exceed permitted vertical contours.

As with the other header, a condensate lift station will be installed to remove liquids from the
header piping. -

B) Extraction trenches
A series of three (3) LFG trenches will be installed in the area of the landfill currently known as
the "wet weather area". The trenches are designed to allow removal of LFG, while allowing

further filling to occur. These trenches will be constructed of eight (8) inch perforated HDPE or
PVC, bedded with two (2) feet of suitable, granular material, as shown in Detail 3-3.
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These trenches will be connected to HDPE header piping by use of a collection riser (Detail 7-
3). Each collection riser will be equipped with butterfly valves to control gas flow from the
trenches. As with the other header piping systems, a condensate lift station will be instalied to

collect liquids.
&)} Active area extraction system

LFG extraction will occur by use of the existing gas wells (GC-1, GC-2, GC-3, and GC-4), and
leachate collection wells (LCS-1, LCS-2, LCS-3, LCS-4). Both the gas and leachate wells will be
connected to HDPE header piping as shown on detail 6-3. Each collection point will have a
butterfly type valve to control LFG flows to the header. Additionally, these valves can be used
to isolate individual wells from the header system, to facilitate filling of refuse around the well.
“To monitor LFG content and header vacuum, monitoring points will be installed at each well.

Air intrusion will be limited by use of mechanical seals installed in each collection well. This
mechanical seal could include plates, bladders, or caps. LWS is currently evaluating different
types of seals, and will choose the most appropriate type.

The header system will consist of both trenched an non- trenched HDPE piping. That is, certain
portions of the header piping in the active area will be installed above grade. This is required

for expanding the system as landfilling continues. Equipment crossing areas will be installed as
shown in Detail 7-4.

Condensate from the header piping will be gravity drained into the four (4) leachate collection
wells in the active area.

The specific design of the header system may be altered during actual installation to facilitate
current landfilling and traffic patterns. Any changes will not aiter anticipated performance or
reliability of system.

D) LFG flaring station

The LFG Management Facility will be the final collection ppoint for all the LFG. Two (2)
Multi-staged blowers, which provide the vacuum, and filtration equipment to separate the free
water in the gas, will be located at this facility.

Prior to being drawn into the blower, the LFG will pass through a water separator. the separator
is designed with an interior baffle to collect the free water in the gas, and direct it to a drain.
Water from this vessel, as well as that form the low point of the gas header, will be collected in a
tank and transferred via tanker truck to the existing leachate aeration lagoon.

After passing through the separator, the LFG will be drawn into one of two blowers, which will
pressurize it to approximately 1 psig for delivery to the flare. The blowers will be a multi-staged
centrifugal unit with an internal coating to resist the corrosive nature of LFG. Each will be
capable of moving 1250 cubic feet per minute of LFG, with an inlet vacuum of approximately 50
inches of water and a minimum discharge pressure of 15 inches of water. Surge protection will
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be installed to de-energize the blower if gas flow falls below design.

A pneumatic valve will be located between the blower and flare. This valve will open when
signaled to do so by the flare. The valve will be such that it will fail close if there is a loss of
power, or if the flare detects a loss of flame. This feature will prevent the venting of unburned
LFG out of the flare.

The flare will be an enclosed flame ground flare, currently the best available technology for LFG
and digester gas operations. These flares are equipped with automatic controls for safe start-up
and shutdown. A propane pilot is used to ignite the LFG. This pilot will relight if a flame- out
of the LFG should occur. If the LFG flame cannot be re- established, the controls will close the
spring loaded valve and also shutdown the blower. The flare controls will then sound an alarm
to notify landfill personnel that the system is down.

‘The flare will have a maximum capacity to burn 2500 scfm of LFG with a methane content of
50% and a minimum capacity of 750 scfm at 20% methane. A flame arrestor will be provided
with the flare to prevent any potential backfire from progressing past the flare base.

IV LFG Production Estimates

LFG production is dependent on several site specific factors of the buried refuse including its’
age, composition, and moisture content. LFG production estimates for the Bridgeton landfill are
based on field data obtained from landfills accepting municipal solid waste and having similar
moisture contents.

In dry climates, refuse produces LFG at approximately 0.08 cubic feet per pound of refuse per
year (cf/lb-yr). In wetter climates, refuse produces LFG between 0.1 to 0.15 cubic feet per pound
of refuse per year (cf/lb-yr). For the Bridgeton landfill, a value of 0.15 cf/Ib-yr is used.

To calculate the weight of refuse each well will influence, it is assumed that the area of influence
for each well is a square with a side of 150 feet. The depth of refuse for each well was then
found by determining its’ current elevation minus the elevation of the bottom of the refuse cell.
It is assumed that the refuse density throughout the landfill is 1200 pounds per cubic yard of
volume.

To calculate the amount of gas from a well located in refuse an average of 60 foot deep:

((150 ft x 150 ft x 60 ft x 1200 Ibs/cy) x 0.15 cf/lb-yr/(27 cf/cy x 525600 min/year)) = 17.1 cubic
feet per minute at standard conditions (SCFM)

A horizontal collection trench will produce a similar amount of LFG when additional fill is
placed over it. For this calculation, it is assumed that the area of influence will be 150 ft
(horizontal) by 40 ft (vertical). The trench will have approximately 390 ft of perforated pipe,
therefore productions estimates are as follows:
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((150 ft x 40 fr x 390 ft x 1200 Ibs/cy) x 0.15 cf/lb-yr/(27 cf/cy x 525600 min/year)) = 29.7 SCFM

Due to perforated LFG collection piping radiating from the existing GC # wells, they act as both
vertical and horizontal wells. To a similar extent, this is also true for the LCS # wells. To
calculate the estimated LFG production from these wells, a radius of influence of 300 ft by 300 ft
is assumed. For purpose of estimation, the typical well depth used is 100 ft. Therefore
productions estimates are as follows: '

((300 ft x 300 ft x 100 ft x 1200 Ibs/cy) x 0.15 cf/b-yr/(27 cfcy x 525600 min/year)) = 114.2
SCFM

Initially, the following amount of LFG is expected to be collected from the Bridgeton landfill:

10 vertical wells in inactive areas @ 17.1 SCFM = 171 SCFM
3 horizontal collection trenches @ 29.7 SCFM = 8§89 SCFM
8 existing wells in active portion @ 114.2 SCFM = 914 SCFM

Total (est.) 1174 SCFM

A measuring device (orifice plate or pitot tube) will be installed at the flare station to provide
the actual operating LFG flow.

\Y Example LFG System Monitoring Plan

Appendix 2 contains a standard operating plan for LFG systems. Upon installation of this
system, a specific plan will be written for the Bridgeton LFG system. This plan will be submitted
with the as-built documentation.

VII Project Schedule

Design Submittal May 18, 1992

Design Approval : June 1, 1992
Collection System Installation Completed July 15, 1992
System Start-up August 3, 1992
Submittal of As-built Documentation September 1, 1992
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Censifying a Landfill for Commercial Development

S. 8. Stelnberg
Project Engineet, STS Cansultants, Lta., Northbrook, illinols

R. G. Lukas
Sanior Principal Engineer, STS Consuttants, Lid., Northbrook, (Hinols

SYNOPSIS This paper presents a oase study cf a dynamic compaction ("pourding") project, undartaken
in Skokie, Illincis. The purpose was to canaify a 50-ft deep former munioipal waste landfill for
support of a one-story warehouse structure on shallow fcundations. The majority of the pounding
was performed utslizing & 1S-toen weight falling from a helight of 60 ft. In soze areas, lower energ
levels were used for surface compaction. All phages of the project are discussed, beginning with
the subsurface exploration program and geotechniocal analysis, tﬂrcugh‘the experimental test poundin
section, and the final check borings to odserve that the "production” pounding was successful. A
rfollow-up of the perforzmance of the pounding, by monitoring foundation settlaszents, is discussed,
aa are todples auch as depth of iamprovement, offsite vidrations, and energy input.

[

INTRODUCTION 80 kipa. The extarior wall load waas approxi-
- mately & kips per lineal foot. Floor slad

In 1880, a detailed subsurface exploraticn loads were on the order of 400 to 500 pounds

and geotechniocal analysis wers performaed, per square foot (psaf). Truck lcading docks

astablishing the proposad building site as were planned for the southern side of the

a formaer clay pit filled with munioipal waste. building and on-grade passenger car parking

A coat/benefit analyuis comparing available was planned alongside the western part of

foundation zlternatives was developed, aad, the bdbuilding. It was also the intentioen:

48 will be diacuased, dynamic compaction, of the owners to construct a duilding which

hersinafter refarred to as "pounding”, was would have the neocessary capacity for additio:

coraidered to be the most coat-affective - load on the northern and sastern sides.

and acceptadle option. Since the degree Thus, although one bdbuilding was. planned, .

of improvement that could be attained could the site densificaetion process was to include

not be precisely predicted in advancs, & areas of future expansion, 88 well as aforezer

pounding test section was completed. Standard tioned parking and driveway areas. Tha com~

Penetration and pressuremeter tests were bined projeat area was 102,300 squars feet.

perforzmed before and after taat pounding.
Suffriciant snergy was applied until) the rill
Va3 conaldered adequately dansified to support

the astrusture on shallow foundations, Throughe SITZ CONDITIONS i
out the courae of the project, communication ) : o
and coordination was required between the A search into the history of the site using
owner, the consulting and design engineera, alr photosa and maps revesled tkat the proposer
and the oontractor. dbullding area was contained {with the exceptic
. of the nortkheastearn cornsr of the propmrtyg )
In this paper, all phases ¢f the project withén the limits of a formar and abandoned !
are diacuaaed, deginning with the subaurface clay pit. On the dasis of the soil doringa ':
exploration program and geotechniecal analyais, performed, it was oconcluded that the pit i
through the fina)l check borings to obaerve depth within the project area ranged from
that the production pounding was successful. approxinatelé 40 to S50 ft at the deepest ,
A follow-up of the performance of the pounding, portion to 22 to 37 ft along the outar edges.
by monitoring the foundation settlementa, Mining in the clay pit ceasad around 1936 {
is alac dipoussed, ad ars topica such aa and the site was uased as a sunicipal waate |
depth of improvement, offsite vidbrations, landrill until approximately 1950. The mite
and energy input. was then used only as an outdoor movie theata:

parking lot. At one time, the fill heightsa
extended approximsstely 5 to 15 ft adove the
surrounding street grade. The excess fill
PROJECT DESCRIPTION was removed approximataly one year prior i
to initiating the pounding. [

The atructure proposed for construotion GoONe

sisted of a one-atory, slad-on-grade, 22«ft The 111 conaisted of varying amounts of
high steel frame building, 78,400 square o decomposed refuse, oinders, ashes, driak,
feet {n plan. Bay aDadIng way u0-rt by 40-rc. and occasional pileces of wood and organic
Interior column loads were on the order of mattar. BSroken concrete, paper, and glass
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bottles uere also encourtsred. A grain alze
analysis serformeda on tne fill indicated

8 zatarlal siatlar to a sandy, fine to ¢oarse
gravel with little silt and clay (SP-GC).
Based upon the Standard Penetrsticn Test
(SPT) and the pressuremetser tess resulse,

the i1l was obdserved to be generally in

a locse 10 nmediuz densa conditisn. In sone
pockets of extrenmely loose fill, the SPT
valuss were less than 5 blows per foot.

In other instances, no rasistance was zet

Ly the pressureaeter prcbe. Generally, water
content values {n the i1l were between 20
and 305, with oceasional organi¢c pogkets
ex:-bitins water contents as high as 65 to

95

Gererally, tha £i11 materials were underlain

by madium st{ff to stiff, natural silty olay.
With depth, the conaistency of the olay tincreasad
from very stiff to hard. "Hardpan" soils
(typtecal to the Chjicago area; which are icdenti-~
ftad dy low water contents and high 3t"erg:hs.
were encountered at depths varving from 56

to 60 ft below the existing ground surface.

The ground water table was located at a depth
of approxizmately S to' 8 ft below the existing

ground surfaoce.

FOUNDATION SELECTION

Following identification of the subsurface

soil and ground water conditions at tha aite,
the options available for foundation supporet

of the proposed warehouse were identified.
Initially, three (3) options were considered.
Ultimately, two (2) of the options were ruled
out {n favor of the third. Prior to eliminating
two of the options, a ocomparison of cost

aa well as construction feesidbility and timing
waa undertaken.

Qption ! -« Dvramie Compaction

Bacause of the erratic thickness and compesition
of the 11, it was ipperative that 1f any

new construction was ts be supported directly
on the fill, site denstification would de
required, Fortunately, the fill had dean

in place & sufficsient amount of time, and

the majority of the organic material appeared
to have decompoaed. No gas was deteqted

as the bore holes were advanced. Thus, concern
over significant future decomposition and
resulting settlement was not & oonsideration.

It was recommended that a suitable solution
for <onsifying theée s4L13 would de by Means

of pounding to a point whers sprsad footings
and a alab-on~grade syatem could be utilized.
Based upon the Menard (1975) formula modified
by Leonard, et al (1980} and Lukas (1580},

a 15-~ton weight dropping a distancs of approxi-
pately 60 ft was detsrmined neceasary %o
achieve proper densification. Once the area
had been densified, the footings could be
placed within the fill gnd designed for a
nmaximum net allowsble s0il dearing pressure

of 3,000 psf. Previous experience with densi-
fiaation of landfill deposits by pounding
indf{cated that a pressuremeter modulus of

50 taf within 10 ft of ground surface and

119

.projecs

30 to LO tsf at lowar levels would be achieved.
For the magnituda of the loads, :his weo(le
resuls in a precictac settlezant of approxi.
zately 1 {ineh.

Option 2 -- Deep Founcat!on Alternative

The second option consisted of extended founda-
tions and a structural flioor slab. The cost syl
ables foundation, given the poaaible corrosion
potential of the fill, as well as the proximity
of existing structures, was caissons (drilled
plers) extending to the "harépan” soils at

a depth of approximately 56 ft below existing
grada. At this depth, the calssens cculd

be designed for a raxinmum net allowable scil
bearing pressure of 20,000 psr.

Savera) drawbacks to the caissen foundation
alternative were anticipated. These included
the need for permanent steel cesing through
the fill materials and soft clay layears to
prevent sloughing, caving i{n, or sQueezing
of these materials into the shaft exoavation.
The casing would increase the acst of the

and the construction time. It was
also anticipatad that the contractor may
ancounter obstructions from large concrete
chunks {n the fill which would add further
to construction costs and delays.

Option 3 ~- Combined System

The combined aystem involved dropping a lighter
weight, such as an 8aton weignt and densi{fying
the upper portion of the fill for support

of the floor slab. Deed roundationa would
5till be used to support the structure.

This option would recduce ths building settlement
which would ba encountered in Option 1, while
at the same time alleviating the necessity ’
of a structural slad which would be raquired
for Option 2. However, the high cost of
caissons was atill prssent, as was the possi-
bility of conatruction delays.

Cost Analvsis

A cost analysis of the first two options

wAS parforzed., A price for the third option
was not prepared, asince the anticipated delays:
with the combined systam were not tolarabla.

The client was very concerned that the occupancj
date De met. The &nticipated costa were

as foilows:

1. Pounding to dansify area, stone
necessgary to raise sita to
design subgrade, and coat of

slad and footinga ssoo,oop
2. Cafsaons/strudtural :
slab $1.0 - $1.3 million

On the dasis of cost, conatruction feasibility,
as well ag conatructicn timing, Option 1
was selected, with the understanding that
an experimental teat pounding seation would
precede production pounding.
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MONITOQRING PROGRAM

Depending upon the sc¢c{]l type encourtered,
representative soil samples in the check
borings wers obtained by means of the split-
barrel and aheldby tube sampling procedures.
However, settlement and dbearing capacity
evaluations were based on the pressurepster
tests perforxzed at selscted test depths.

Due to the larger tsost area in the presaure-~
meter device, & more represantative evaluation
of the compression charectaristics of 111

can be obtained. This is particularly i{mportant

in erratic fills, since the presaureneter
test averages out incornsistenciea to ¢btain
representative values.

In addition to the afarementioned testing,
three field monitoring methods were employed,
These were: full-time field inspection by

a qualified soll enginesr faxmiliar with the
pounding process; continual checks of erater
depths; and monitoring of overall ground
settlement arfter each levelling psss., Through
experience, Lukas hasa found that the cverall
ground settlement following pounding and
leveling can de expeotad to be on tha order
of 10§ of the total depth of improvement

in the £ill. Thus, continual monitoring

of the site settlement is an indicatien of
the effactiveness of the pounding. The purpose
of menitoring crater depths is to isolate
inconsistenoies for further evaluation,

Hard spots can be an indication of a crust
forming, and soft spots can either dDeé an
indiecation of upsuitable solls which should
bde removad or of an area where additional
pounding {s required. Both aervices require
inspaction by full-time rield personnal who
are familiar with the pounding prooess and
have the experience and authority to alter
procedures whan necessary.

Oround velocitien developed during pounding
were monitorad at inoreasing distances from

the drop location. These regults indicated
that the aurface vidbrations in the fill rapidly
dampened with {ncreaging distance from the
point of iImpact. An analygis was alsc mede

- a8 %o how the mcenitored vibrations compared

with vibrations measured in other socil types.
A graph depicting thi{s gomparison is shown

on Figurs 1. The vibration monitoring waa
also used as a guide in determining the effect
of the pounding on adjacent live utilities.
The pounding came within 15 ft of buried
utility lines with no damage oogurring.

In addition, no damage was observed to adjacent
atructures. The vibration monitoring was
performed utilizing a VME seistector whioh
deasured resultant peak velocities,

TEST POONDING

For the test pounding, a 60-rt by 60-ft area
wan selected. The seotion was lodated in

the vicinity of a boring which indicated

the thiokest (50 ft) and potentially locsest
deposit of f111. A 15-ton weight, banufactured
by the contractor, oonsisted of a series

of horigontal steel plates dolted together

te form a ecylindrical ahape. 4 6~inah thick
bottom plate was attached to the weight to
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facilitate axtraction from the fill and

raduce suotion forces., 7The diameter of

the dottom plate, slightly larger than the
recaining portions of the weight, was 5 ft.
The dasign gontact pressure was 1,530 parf.

The recaining dimanaions were 4'7" high

and 416" ia diameter. In drder to 1ift

the waight 60 ft in the air, a 100atcn eapacit
grane was required.

Eight-foot crater aspacings were selected
and 2 total of 93 {ncdividual oraters were
¢reated {n the teat section. The pounding :
was actually completed in two phases, with
the first phase conaisting of 54 ocratars
across the entire aite on the B.ft grid, '
followed by an additional 39 oeraters super-
izposed over pounded and regraded surface
area. Baoh orater received an average of

two o three tamps per location per pass.
Crater depths averaged approximately 6 ft, ;
and ag attempt wag made to keap the weight -
panetration above the water tadle. Originalls
three passes were planned in the tmst sectipn,
dbut diffi{culties with the orane equipment
preventad this within the time budget for

the test pounding. Both orater daptha and '
ad jacent ground heave were oarefully monitore
throughout the teat pounding precesa. The
average energg 1ngut was lpgroxinately }
S6 tons-ft/ftd (184 ton-m/m<). Average groun:
reduotion following the test pounding was |
3'6*, amounting to approximately 11§ of the
total depth of improvement (30 ft). l

A 3011 boring was performad in the test seatd.
following the pounding and SPT and pressure-~
neter test results were odtained. Thase ‘
results were g¢ompared to tesgts performed



‘the order of 8 ft (canter to center).

prior to pounding and a graph comparing the
results is shown on Figure 2. It was
%o note that an increase in dansity was observed

iz=madiately above tihe natural clay.
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On the basis of the test pounding results,

it was concluded that a 15-ton weight dropping
‘roz a haight of approximmtely 60 ft would

« utilized. Crater spacings would be gn .
nree

{ateresting
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to five passaes, with each pass {nvolving

a ninimus of two tamps, or that numder necessary
to achleve a maxismum cratar depth of & ft,
vas spe¢ified. Fellewing eaoch pass, the
cratars wers to be lavelecd., rFollowirng the
final pass, the cratsrs were 20 bde reiaveled
and the surface compacted. With regard to
zminizun density criteria, it was suggested
that an average 2inizus of 15 blows per foot
be achieved with the SPT test and an average
ninimus modulus of 50 tsf be schisved with
the pressuremster test within 10 ft delow
the focting and 30 taf below this level.

PRODUCTION POUNDING

Construction Difficulties

Despite the success of the pracsdure as {ndicaled
by the test section, aeveral cernstructiona-
related diffi{cultias were encountered during
the produection pounding phase. One of the
most aignificant problems was related ¢

the consistency of the fill. Although the
material noted by the soil borings appeared
to conaiss primarily of miscellaneous rubbish
and dullding =ateriala, isolated pockets

of organic and ¢layey soils were encountered.
These areas weare 80 soft that crater depths
oftentimes averaged 7 to 10 ft on a single
drop. At these depths, the weight decams
very diffi{cult to extract, due to suction
forcas which developed. Some deep craters
were also encountered in the more granular
portions of the sgite, but suction was not

aa dramatic in thess $0ilas and exiraction

of the weight was typleally a routine procass.
To deal with the suction prodlems in the

mora ¢ohasive soils, the following procedure
was estadliahed:

On the firat pass across a new area, ths
weight was dropped one or zore times par
crater, depanding upon the reaistance offered.
The object was to produce a gratar leass

than 7 rt deep. Typiocally, five or six
passes were neccsaary to achieve the required
density. If the sorft and wet areas contained
predominantly cohesive soils, the materials
were removed to a depth of about 7 ft and
backrilled with granular soil. Large stone
was recozmended for deep undercut areas,
vhile smaller s8ize stone was recommended

for the upper 3 ft of new f1l) placed.

A second prodlem whieh appeared was the looss,
fluffy material which collected at tha ground
surface. Evan with the seoond and third
pasges of the weight, it was diffiocult te
compacot these surface materials to a point
where they were suitable for a floor alad
sudbgrads. Thus, the procedurs desveloped

was that once the final pass had deen completed,
crushed rock was used to fill the craters

and to dring the area to approximate floor
sladb subgrade. The atone was compacted either
uaing the 15-ton weight dropping a diatance

of 20 ft, or a lighter weight (5 to § tons)
dropping a diatance Of 30 to 40 rt. It was
found that the lighter weight was the prefear-
able sclution aince A secondary orsne was
brought out to do the surface tamping and
production with the larger orahe was not
slowed,



Wate~ crazted g probdlem with the leeper crater
cdepths, anc also bezams a prcblem when the
poundirng approached tha pit edges. This
prohlam oc¢curred as a result of the change

in zaterial type fros the fill to the natural
¢lay solils. 1a effect, tha pounding forced
the water towards the pit eadges, but the

lower permeability of tha clay siowed the
water passage. The conseguent bduild-up of
water in the oraters reducsd the pounding
effectiveness. Tha solutieca t& thig probles
was to cut isolated drainage trenchss into

the s{das of the pi{t, thus providing an exit
point for the water. Water was ocontinually
pumped cut of these trenchas and the ground
water was subsequently lowered Iz the [zmediate
pit area.

Anothar unusual problez whiech occurred was
associated with the longevity of the cablas
used to It the 15-%ton weight. At fipst,

the contraotor utilized a 7/8-{nch dianater
cahle. However, the cable broke on the avarage
of once every two days. Tnicker cable gould
not de utilizad dus 2o the mechanical restrico-
tionsg of the crane. Plnally, it was dectded
to use a le1/8-4nch diametsr cadle reduced
during radrication to 7/8-{neh. This was

a relatively successful aolution, althouzh
mechanical dreakdowns atill di4d occur.

Sum=ary of Reaults

30il borings with pressursmeter and SPT teats
were perforzed following complation of the
production pouading. 4An averaged comparison
of before and after data is presented on
Pigure 3. Prom the data, as well as our
full-time odaervation during ths produotion
pounding, it was concluded that sufficient
conpaction was achieved.
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As with tha test pounding phase, the depth
of {mprovement was observed t2 ds on ths
order of 30 ft. This depih.of imprevement
(in equivalsn: eeters) computes tc de approx
nately 0.58 VRR; where ¥ = 15-ten weight

and H s 18-getar drop. A coaperisen was
also made between areas where pounding was
perfornad on atone and no stone surfacaa,
The dansity faprecvement appeared slightly
greater whare stone was placed {(n the orater:
and on the surface prior to the final phases
of taaping. tene thicknessses wvere on the
arder of 3 to % ft. Cn the tasis of an aver;
of twelve tamps at each location, the averag:
snergy input yith the 15-ca3 welight wasa

170 ton-ftsree (560 ton-a/m<). Ground subsi-
dence aftar pounding, an¢ releveling and
compacting, averaged 3.5 to 4.0 ft, which
was approximately 12 to 13% of the total
depth of improvesent of apprexizately 30 f¢,

Long=-Ter= Parfar=ance

In order to evaluate the long-ters perforaant
of the struature, settlament markers warsa
sstadlished on the building and were monitore
for a period of six =onihs froz footing con-
struction through cexzplation of the suparstry
ture. A sunmary record of the results is
shown oo Figure &, Readings of initl{al sett]
ment were only slightly higher than the pre-
dicted range of an inch. Llong-tern settle~
pent was lass than /4 iaoh. 7o datae, no !
known signs of distress have occurred to

the building.

ELEVATION ~ FY
g
o

.0

ELEVATION — FT

0140

Pig. 4. Settlement Record . ’




CONCLUSIONS

Giver the site condiltions, the age of the

£i1), ané the extent and density of the fill,
the pounding altesrnative was conaidered the
acgt cost-effective solution for the site.

On the bdaais of the long-tarz perforaance

of the dullding, indicating zaxizaum seltlements
within the prediloted ranges, the pounding
procsss was oonsidered a sucoessful alternative.
In the Dprocess, aeveral new construction
techniques were learned. These wvera assoclated
with winter weazhar difffculties, cable problems,
water removal, the {mportance of the pounding
and grid ssquence, as well as the uss of

stone atabdbilization to facilitate surface
tamping. Coordination bPetween all parties
becadas a critical factor, s did full-time
inspection during construotion. -In au=rcary,
zarginal sites such as former landfills can

be succesafully and economf{cally developed

{f properly evaluated and carefully menitored
during construosion.
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Densification of a decomposed landfill deposit

Cansification d’'un depdt d'crduras menageres dans laquel | precassus ce ddcomposition da matleres
putréfiables est complat

R. G. LUKAS, Sanior Principal Engineer, STS Consultants, Ltd., Northbrook, illincis, USA

SYNOPSIS

A decompozsd municipal waste landfill depos!t was improved by diffgrent compaction technfques for support

of &« regional shapping centar, consisting of one and *wo-story dyildings plus iurrounam parking lots end dr1vewuib

In the f11) areas, the jandfi1) was compaciea to adequata densities dy convent

ona) garthemoving and coopacting equ

ment.  .n the cut and transitional arsas, the load-dearing areas wars icproved by means of dymamic compactien. The
improvemant was sufficient £o Vimit settlaments of fcotings with ¢olum loads ranging from 1,000 to 1,500 kN to values

on the ordgr of 1 to 2 on.

INTRQOUCTION

furing 1975 s 1977, a regional shopping conter was
censtruetad in Chicago on g former landfill deposit,

The byildings consisted of one and two-story reinforced
concrete structures with column loads on the ordsr

¢f 1,000 to,1,500 kN, The shopping center occupfed

» 215,000.02 site. The Tand®411 daposits ware compacted
by cenventional earth moving squiomant n the £{11

aress and dansified by maans of dynanic compaction ‘
{n the cut and transitional areas., . The depth of lapafill
below fina)l qrade ranced from 9 to 18 m,  The duildinas
wers congtructed with footings supporsed cn the land?iN
ang wish slabseon-grade.

PRE-CONSTRUCTION CONOITIONS

Sagianing 1n 1919, razural clay was resoved from this
sita and used for making bricks. Over a period of
approximately 30 yesrs, this rasulted in 3 lowering
of the site to depths ranging fram 15 ¢5 18 & below
surrounding street grade. The deep excivation was
filled with refuse in an uncontrolled manner. The
refuse consisted of runicipal waste, demolition dabris,
wocd products from removal of dead trees, and mfscel.
lanecus materials. Open burning occurred in the pit
at fsolated locations from heat generated during the
gecomposition. The landfilling operations ceased 1in

STIFF TO VERY STIFF SUTY CLAY
Q TS m
T —

MORQZ SCALE
] FT

FIGURE 1- GENERALIZED SUBSURFACE PRCFILE

.

1947 and left & profile similar to that shon on Figure 1.

At the south eng of the site, the landf11Y weg piled”
to & height of ghout 37 m AdoOve stregt grade while

at the north ead of the sita, the pit remained copen,
Leaachate sccumulated {n the Tower portion of the pit
snd wag periodically pumped into the city semer system.

SITE PREPARATION

In order %0 balance the cut and 7411 operatiens, the
surface elevation for the shopping cantar development
wit set 22 street griade near the nOrh end of the projfect
11%e and approximately 6 m above street grade at the
southern ond. Approximately one-million cubic maters

of landfil) was removed from the southern end of the
site and f{17eg 1nto the northern and. The f11) material
was hauled by conventional earth scrapers and compacted
in naxfmum 1if2s of 30 ¢, The compacted £111 was
intended to form a guitable subgrade for building ang
reacwdy construction. At the southern end of the site
end in the transition areas betwsen the cut and 11},
dyrami¢e compaction was util{zed to densify the upper
portion of the landfi1! deposit. The most ¢rucial

0ne for dangification was the transition ares because
the deposits in this reqion had not been pre-loaded

by the nefght of the former lanafi1l, Aor was any Come
pacticn applied during f11ling -operations.

DESCRIPTION AND PROPERTIES OF THE LANDFILL DEPOSITS

At the time of construction, the lardfi11 had decomposed
to a matertal that can best be dascribed as & well-
graded ?rnnuhr matarial containing fines, making the
soils tlicht)y cohesive. THhe grain size gradation

of 2 typical sample 1s shown in Figure 2. Approximately
40% of the gample it in the sand-3i2e renge with 20%
each of si1l1t and gravel. About 18X {s classified as
¢lay. In addition, there were large chunks of concreta,
oceasional timbers, numerous bottles, rubber tires,

and pieces of metal in the f111 deposit. No organic
matarials such as paper or rubbigh wers fdentifted
within thesa deposits. Atterbarg limits tagts parformed
upon the portion passing the Ne. 40 sieve ylelded a
Hquid 1imit of 31 and 3 plasticity index of 7. Accore
ding to the Unified Soil Classification System, this
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specimen would be S bordering on SC-SM. The natural
watar content of the f111 was on the order of 15 ts
27% above the Drcvailin? water teble and adout 20 to
308 delow the water tadie,

Monitoring of boreholes with gas measuring devicas
in¢icated that combystible gag was not present within

the 1sndfi1) which {3 another fndtcatfon that the organig
matser hgd decomposed. A gas veating system that was
originglly thought necessary was not provided beneath
the slads.

The Standard Peneiration Resistance Yalues werq quite
erratic anc ware frecuantly as Tow at five Dlows per
38 ¢cm 20 deotns as areat 25 20 m delow arade. Higher
Standard Panetration Resistance Yalues ware encountered
at certain levelg, prasumahly on larger obstryctions
within the £411,

Pressuremeter tests were performed within Doraholaes
exten¢1n? through the F11), Typtes] limit pressure
values plotted against depth are shown on Figure J.

The tests shewn Dy she s0lé¢ 2083 repressnt the tests
performed in advance of construction. Most of the
tasts fall within a band labelled ‘Prtcons:ruction
Limte Pressure Range*,

Thit range fndicates the self-bearing limit pregsure

for this degosit; f.e., the limit pressure for a normally
consolidatad 1an¢f111 dapesit at varying depths below
grade. This band represents a lower bound of )imit
pressure from waich to campare the 1imit pressure of
compacted fills. Compaction will induce preconsolidation
of the #1171 depasit <o the limit pressure of compacted
f411% should he higher than this range. The difference
Detweon the limit pressure of the compacted 111 and

the Yewer hound rence will depend upon the deqree of
compaction achieved., Praviously, the self-dearing

1imit pragsure for 3 sand has deen reportad as 6 bars

(1) and for & silt as 4 bars. Unfortunstely, thess
values were not correlated to the confining oressura

of the overburden.

unaistursed specimens of the landfill could not bde
obtained with shalby tube piston samplers decause of

the large sfze debris within the landfill as well as

the extremely 1ccse condition of this deposit. To
optain additionsl Information on the shetr strength
parameters of densified landfill, two large diameter

{30 cm) specimans were Compacied and tasted Ia 2 triaxisl
chamber. The spacimens were compactad to a unit dry.

weight of 18.9 xN/m’ which correspends to 95% of the |
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CONSC(.DATED UNDRANED TRIAXIAL SHEAR TEST
ON LABORATORY COMPACTED LANOFILL .

maxizum density obtained in the fie)d test rolling
discussed in the next section of this paper. The speci-
nens ware compactad at the natura] water content of :
the f11] which was 15X. Each sample was then saturated
by the backpressure me'nodtﬁrior to performing a consol
dated undrainad triaxial tast with pora pressurs

measuremants,

The results of the TU triaxial texts are shown in Figure

-




™he drafaed angle of thearing registance, ¥, wis 34.5°
with a4 esnagion tntarcass, C, ¢f 39 kN/mc. The #ricifon
angle, B, s typical for a granular sofl ¢entaining

s significant portion of 841t {2). The ¢ohesisn fntar.
¢ept is higher then aaticipated and fs attridutad %o

the clay size particles within the lanefill.

CONYENTIONAL CCMPACTIOX RESULTS

Because of the erratic natyure of thae 111 and high
amount of large si2e particles, laboratory mofsturds
density tasts wers not performed, The maximum unit

dry weioht for compaction purposes was determined in
pdvance of construction by fleld compaction test gectiens.
Three tost sections were (nitiated ¢ detarmine the
comoactian charscteristics of the landfill cdeposits

at different Jocatioms. Site material was spraad cut
to & thickness of 30 £n over 2 width of 6 m and length
of 15 m. At each test section, ong portion of the
strip wag campacted with & self-propelled vibratory
eollar. The remaining porticn was compactad with a
104-¢cm diameter shegpsfoot roller pullad dy 2 dozer,
Three 11f%s of site materials were placed and Compagted
st each test sectton.

AYl thrae test sactions denaved in a sim{lar nanner,

s0 only the tast results from tast section 2 ara shown
in Figure 5. The vibrajory roller resulted in a unit
dry weight of 17.8 kN/m3 after five passes. The sheeds-
foot roller resyited in low and erratic compactad unit
wa{ghte ranging from 13 to 14 kX/m°. The feet of the
compactor tended to loogen the deposit as they 1ifted
from the Tandfi11 which was detrimanty) to ebtaining
good compaction, The vibratsry rollar wes than selecsed
for the &AAStructiOR. In the fyuture Suilding ;Seas.
2 »inimum compacted density of SEX of 17.8 XXN/m was
established. 1n future parking arads, the spacified
comaction was 0% of 17,3 kR/me,

Three pressuremetar t2sts were performed 2t 2 depth

of 0.6 m delow grade within the campacted tast saction.
The Pressuremeter modulys was feund to range from 120

ta 130 bars with 1imit prastures ranging from 11 to

13 bars., This resrasents a vast improvement over the
*inesity® conditions. As shown in Figure 3, a comparable
1imit pressurg of 11 dars would not de atltafnad within

a normaltly cansol{dated landfi1! unlass the overturdan
wére greater than adout 30 m.

o a3
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For 3 comparison with compactad areas, 37 field densisy
tasts wers porformad on uncerTaciad site landf117 deso-
sits. The lowwsy unit dry wights wers found o rings
from ) 2 8 kN/mJ for a tincar and ash. Tha eypical
untit dry weight ¢f landf{11 ranged from 11.7 ta 14,2
KN/m?. Basad udon these unit weights, a volumetric
shrinkage ¢f 17% was calculated.

farthwork operationg started in September, 1975, Fileld
dengily teses ware performea on, each 1ift of soil,

The ccrpacted densitiat ware found to ren3e from 90

to $5X of 17.8 kN/m¥, Fortunately, ths tut and £11)
oparations occurred 2bove the water tadle and the water
tontent of the landf{ll was near cotimum for compaction.
Scme b!edfni and drying was undertaken prisr to compac-
tion. Dtseing could not be undertakan beciuse the

Targe dadris in the Jandfill frequently broke the discs.
Where cuts were made delow tha water tadle in the transi.
tion area, the fines in the landf{11 mage the f(11
unworkable. 1t was necessary to stockpile the #41)

t0 8)low 1t to dry bafare compaction.

Durtng November, 1975, wet and ¢ald weather conditions
develcped ang the degree of compaction declined to
less than 90%. Since the wintsr mONths were agproaching
and less favorghle conditions were anticipated, the
remaining £111 was stad{l{za¢ with western coal’ flyash
containing a high lime content. The flyash was spread
froem trucks and mixed by dlading. The flyash contant
ranyed from 6 to 10% by weight and this was sufficient
to reduce tha water content by about 4 to 5% prior

Lo comaction. With this procedure, the com;sted '
dangities once sgain exceeded 90% of 17.8 kN/m". Tha:
following year, 1t wag observad that some cementation
pccurred &8 2 regult of this stabilizatfen. Approxi-
mataly the uppermost 5 m of the F11] was stabilized
with the flyash.

It was criginally anticipazed that some of sthe lama?ill
from the Cut argas would b2 unsuitadle for f111, efther
because of high crganic ¢ontent or larga dabris. Howaver,
811 the landf{1} wes found tccaptable so none wag remaved
from the site.

Fcllowing cemplaticn of the aarthwork operaticns on
Noveambder 22, 1875, 12 settlemant odservation plates
wera emdedded in she landfi1) where the thickness of
compacted langfi1} ran?ed from 9 to 18 m to measure
posteconstruction setilemant., Elaevatior readings were
taken four times per month until February, 1576. The
mejority of the settlement otcurred within the first
month following completion of f111ing, and almost no
settiement cccurred after January 8, 1878

In the Building areas whers 953 compaction was achieved,
the post-conssruction sattlements were on the orcer

of .4 t3 .55 of the hatght of the f111. In parking
treas, the deqree of compaction was rslaxed to 90%

and the settlaments were on the order of .7 to .9%

of the heigns of f111, These compressions are typical
for granular depesits (3). .

OYNAMIC COMPACTION

Dynamic zompaction was undertaken using a b-tonne weignt
dropped from a height of 11 ta 12 m, [n the compactea
111 araas, the dynamfc compaction was spplied only

at the footing locations to further improve the deposits.
In the cut and transitional 2reas, dynamic compaction
wag undartaken on 3 grid basis throughout the antire
building ares plus 3 m beyond with & 2-m spacing between
the canter of the impacts. This was fallowsd by acdi-

c tional impacting at the footing locatiens. The applied
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snergy ranged from )30 t:g-maters/Meterz (Tm/mz) in
the s1ab area to 230 Tm/m in the footing areas. Datafls
of the dynamie eempaction mere presantsd in an earlier
pader ‘4], . . . )

Sotl borinas and pregsuremater tasts wers comdleted
folloming dynamic compaction to datarmine the degree

and depth of improvement. The results of the pressure-
meter tasts at 3 typical faoting location are summarized
in Figure 6. In thit area, there was 3 cut of about

8 to 10 metars prior to dymamic compaction, Immrovements
tc deptns of abcut & o were noted., This was considared
to be a tatisfactory depth improvement ginca tha geap
seatsd daposits had Deen previcusly densified by the
Yanaf{1} that was removed from these areas.

Typically, Vimit pressures of 5 to 10 bars and modulug
values of SO to 100 dars were achieved withi{a thg depth
rancy of 1 t5 6 ® bhelow crade. Typical 1imit pressure
test results are shown on Flgura 3, The Yimit pressuras
following dynamic compaction or roller compaction wars
not as high as Maasured in the tast gaction whera the
the limit oressures ranced from 11 to 13 hars and the
pressuremeter modulus ranged from 120 to 130 dars,

Thiz 13 attributed to the lower dearee of compaction

in the mass f111 than wag attained {n the tast section.
Newever, a minfimum 1imit pressure of 5 Bars or modulus
of 50 bars was considered acceptable for this project

to produce tha proper dedring capacity and limit gettle-
mant 2o tolarabdle values.

At 4 few (solated locations, the landfi1l was so weak

or wet that the vei?ht would become duried delow the
landf111 surface following impact., At these locations,
crusned stone 1)) was deposited within the craters

and dynamic camgaction resumded until satisfactory regit-
tance was obtained. Waakgr-thanenormal support condi-
tions wara alse encountered at the boyndaries of the
lanefi11 and natural clay dedosits. Scme arching of

the landf11! may have occyrred, thereby resulting in

2 looser zondition of the landf{1) immediately adjacent
to the neir-vertical faces of the clay deposit. At

all but & few isolatad locations, 1t was not necessary
to olace granular f411 at the surface of the landfill

to provide a2 mat for the weight to impact into. Follewing
dynamic compaction, the landfi1l was levelled by pushing
the f111 from between the Craters into the craters.

The surface area wis then denti{fied Dy makino three
passes with 2 fully loaded dump truck.

In the cut an¢ trenaition areas, the sversge around
deoresgions follomina dymamic comoactior ranged from -
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30 ta 80 em.  This ranand frem abeut § to 10X of the
thicknage of the doposit that wae densifiad.[n the

£411 area wiare flyash st2bilization and convemtiona)
cemaction was undertakan, the critar depths ware only
on thy ordar of 20 ¢n and the average ground cepression
only sbout 7 em. This 1s attridyted to the camentaticn
that occurrad within the landfi1) from the flyash as
well 48 from higher Cempactad densities in the fi11,

PEAFORMANCE

Settlgment readings mere taken on footing foundations

tn Both one and twoestory buildings as the structuras
were ¢onstructad and for one to two months thersafter,
Nessyred setilemeats were on the order of 1.5 ts 2 em
which was the magnfitude predicted based upon an antici-
pated pressyremeter modulus of 50 to 80 dars that would
be achieved following ¢ynamic compaction or ¢dnventianal
compact fon,

CONCLUSIONS

- After the organic melarial Rit decemoosed, landfil

deposits can de classifiad as suttable materials for
angineerad construction. At this site, the lanasiN

.behaved similar to & granular 301) with fines and 2

s1ight coheston.

The tandfi11 deposits at this gite were compacted by
different methods. In f111 aress, thin 1ifts of con-
trolled 111 ware compacted by conventienal compaction
equipment comsisting of a vidrating roiler. (empacted
densities ranging frem S0 5 96% of 17.3 XK/m° ware
dchieved.

In cut and transitional areas, the landf{11 deposits

were compacted by means of dynamic compaction. Prassures
mater modulus valuas ranging from 50 to 100 bars and
Toit pressures ranging frem 8§ to 10 bars were achieved
within the 20na of improvement.

Both methods of densification were sufficigat to limit
settloment for one to two-story bufldimgs to vaiues
on the order of 1.5 to 2 em. )
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3) The conmon practice of slorry control testing appears lo be
jnsrciicient to detect in-trench slurry problems tbat wmay
arise goickly when a Jocalized zone of variable grovndwater
chex:zzry i6 encountered. Dowever, continued use of fluid
loss zesting {as well ap viscosily ana density tests) is
advazzzble to detect undcsiteable variations in Dbentonite
qaliis.

-4} ln orier to design futugre quality control/assurance programs,
back:-1) testing for consistency {slump and moisture content)
and Z:pes content mdy be reasomably expected lo result in a
normz’ frequency distribution of test data. Such an
assurzzion regarding common slurry control testing does not
appez: to be warranted.

Our experienc: on this project indicates, above all, that the key Lo
successful 5li-ry trench construction i85 the experience, skill, and
conscientious 3iligence of the principal personnel on the project.
Because the tzz=ncb excavation is performed entirely Lelov the level of
the slurry in the trench and out of the equipment operator's view, Lbhe
skill of the :22khoe or clamshell operator is 3 key factor. The
individual re:zponsible for slurry guality is similarly of primary
impogtance. zinally, the contractor’s saperintendent, ownes's f€icld
tepresentative and construction inspectors must all diligently observe
and understanZ each facet of this complex geotechmical comstruction
procedure in ¢:der Lo assure its soccessful completion.
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LANDFILL SIABIL12ATION FOR
STRUCTURAL PURPOSES
BY
James R. Blacklock, MEMBIR ASCL®

ABSTRACT

The insitu stabilization of landfills and wastie disposal sites
for structural and envirommental purposes has recenliy been
acconplished through the application of existing soii stabilization
and ground modification technologies. This paper discusses landfil)
stabilization projects which have utlilized Lwo exisiing methods,
pressure injection stabilization and dynamic compaction. ¥The tech-
nologies for lime/fly ash {L/FA) slurry injection and dynamic deep
compaclion (DDC) are discussed and job photographs of contractors
injeciion and cospaction equipment on actval landfill closure
conslruction sites are shown and case histories of injection stabili-
zation and dynamic cowpactipn of sanitary landfil) solid waste dispo-
sal sites are presented. The use of lime slurry pressure injection
{LSP1) for conirel of wethane gas is discussed with note of pH values
required for methane gas control. An interesting soluLion to excess
Tandfi11 subsurface water or leachale is presented wmereby it s pro-
posed Lo use leachate for the mixing of L /FA slurry grout to be rein-
jected into the site, thus cementing the unwanted liguids permanently
into lhe wasite disposal site. Included in the paper is information
concerning 3 recent laboratory lysimcter test progran using lime
slurry and 1ime/fly ash slurry pressure injectioa conducted by the
B.S. [PA at the University of Cincinnati,
insitu strength and seitlesent considerations are included for the
tlosure of a landfill sile 1o be used for building or road construc-
tion. A proposcd new combination landfil) stabilrzazren methnd using
dynamic deep compaction followed by LSP] and L/FA siurry injection is
discussed. The need for new research data 1o suppori structural land-
fi1l closure is recommended.

ITHTROUCUI DN

Grouting and compacting a Jandfill mass to reduce settlement i

. perhaps the one facet of the general subject of geotechnical practice

for waste disposal Lhatl is thought to be non-eavirommentally related,
It is geaerally understood that there are compelling engincering
design reasons for stirengthening existing Jandfills wo allow for
construction of foundations for new buildings and roads, but what is

*Professor of Enginceriug Technology, University of Arkansas at Litiie
Rock, Little Rock, Arkansas,
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not general keow.2dge is thal.an unstable tandfill mass imcreases the
potentia) envirom=ntal hazards. Leachate fluids and gases are much
more likely to bt emitted from siruclurally unstable landfill masses
than from strong, dense, stable, compacted and treated landfill
masses. It is aczually difficult to improve a landfill mass struc-
turally without &= the same time generating beneficial environmental
side effects by ciusing improvements in present and future leachate
and gas generatic-. This paper will touch briefly on these environ-
mentlal considerazions of landfil) stabilization; however, as cited in
the references, o:perience has shown that environmental improvements
are alsop often tizd directly to structural grouting and compaction
practices, (Blactiock, Josi, Wright, 1982).

The case histories of recent landfill stabilization projects
cited in the refe-2nces reflect the existing state-of-the-art tech-
nology for groutirg and compaction of landfills uti!izing both
Lime/Fly Ash {L/73) slurry injection and Deep Dynamic Cospaction
(DDC). This paper provides a review of these two meihods of stabili-
zation. It shouls be noled that these methods represent the develop-
ment of relativels recent technologies for landfil) stabilization.
Prior to their odevzlopment, the priecipal wethods of dealing with
Yandf i)l construczion siles were 1o either eacavale the garbage and
transporl it away or to surface compact and add fil) of compacted rock
and soi) prior tc¢ construction. Experience has shown that these
methods should no: de recommended for 1ong term solulion of landfil)
construction sites, since excavating garbage generates new hazards 1p
the environmeat, 2nd surface compaction and i1l can cause the ropaos
or buildings cons:ructed on them to structurally and enviroomentally
fail, With today's ever-increasing environmental awareness, the
hazards of the fi-st are obvious, whereas the hazards and shoricomings
of the second havz= become visible only through documentation of failed
buildings and roazs and condemnations of occupied buildings due to
methane gas. There have been many well publicized fajlures from
building on unstasilized landtills as well as less publicized Subsur-
face leachate fipe problems that have been created when landfills vere
not properly stab’iized.

Ong suggestion for a better system for stabilization of existing
landfills is to treat the structural foundalion probles and the
swironmenta) leaznate and gas generation problems as onre. To thot
end, this paper o°scusses the application of the methods of L/FA sta-
bilization and DO separately and in combination for landfill treat-
menpt. Jt is believed that with the combination of both systems the
end result will bz structurally and environmentally betler than wilh
either system usez independently. To dote, the first L/FA - DDC
project has yet t¢ be funded; however, several are in the planning
stages and it is “ikely ihat one will be cumpleted in the near future.
Reanwhile, il would be well to plan ne« rvesearch and development
projects to gemerzie long term data for the L/FA - DDC method of
eavirof/structural reatment of existing landfil) masses.

DISCUSSIDH

In many arez: of the nation, particularly near large cities,

-
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solid waste land13)) capacity and available new Jandfil) sites are
dec)ining. One way that this situvation might be improvec is 1o re-
vpen closed landfills and expand them vertically. To accomplish this,
old landfills must be stabilized Lo accowmodate the adde: mass and 1t
leachate handling system. Also, as land for commercial ard industria)
deve lopment near population centers bLecomes more valuable, stabiliza-
vion of 0ld landfills bLecomes increasingly attractive. 02 melhod 1o
stabilize a solid waste Yandfill is to nject cementitiou: grout
materials into the waste'mass 1o fill voids and increase sirenyth (See
Fig. 1). Lime and fly ash are two relatively inexpensive materials
that have beem ulilized for that purpose. The Lime/Fly Fsn (L/FA)
injection stabilization process IS a patenied process owrzZ by
Woodbine Corporation of Fort North, Texas. The Lime Slurcy Pressure
Injection {LSP]) method of soil stabilization was developsd in the
1960's for in-situ stabidization of eapansive and low strzagth clay
soils for stabilization of buildings, highways, railroads, embank-
ments, fills and slopes.

In recent years the additive, fly ash, has enjoyed ir-reased use
in lime injection stabilization. The process of pressure injection of
lime sYurry mixed with fly ash has been termed lime/fly asn {L/FA)
injection, (Wright, 1978). Lime/fly ash slurry was initiz:ly noted to
result in a @more pronounced increase in the bearing sirenc:h of s3lty
and sandy soils than Tiwme slurry alone. HWilh many wel) drzined soils
deficient in reactive winerals, Vime slurry alone is usuaiiy not

~ effective for increasing strength bul with a proper mixturz of lime

and fly ash into a groutable slurry, injection stabilizatien can be
successfully extended to non-reactive soild types. The use of L/FA ju-
Jection for Jandf i1l stabilization quickly followed, An azvantage of
L/FA injection over cement grouting for landfills is that “ly ash,
being a by-product, s relatively inexpensive, about 25-% percent of
the cost of cement. Therefore, it offers an economical soiulion by
providing a Jow cost slurry capable of developing strengths up. to 1000
psi or gyreater. This econemy is especially important for zrojecls
with large void ratios such as municipal Jandfil)s and otnzr large
waste disposal sites.

Another use for Yime/fly ash slurry has been for the renovation
and releveling of failed concrete pavements and foundatior slabs built
over unstable landfills (See Fig. 2). Pressure injection *ncreases
the sirengih of landfi)) foundations by adding tensile reitiorcing
strength, mending exisling cracks and filling voids causinz strenglh
of the clay cover, evbankment fill and the foundation subsail 10 be
increased simsltanecusly, thus reducing settlement and $1032iny
progressive failures. Crack mending s critical to wasle site renova-
Lion, since Jandfil) stremyth may not be satisfaclory if tas landfily,
cover and subsoil are cracked. Cracks may develop because of
excessive tensile stresses due to differential settlements or because
of consolidation under surcharge or shrinkage duc to matevizl decay
and drying, Many tension cracks freguently begin in the biitom layers
and may not be detecled until the foundation is already failing. The
pressure injection methaod has been developed to tredt crace: and
planes of weakness insitu, even those hidden from view tha: start at
the botiom, Surface repair does not mend deep existing ter:ipn cracks
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in the ung-3turbed mass, and the cracks will continue teo propagate,
causing lor; term failures unless repaired.

Anotne- fietd of application for pressure injectiom is in the
treatment ¢~ toxic wastes. Lime is well known for its ability to
*fi1" heav. metals, and the high alkaline environment made possible by
injectiog ime slurry can inhibit mobilization of heavy metals and
other conlz~inanls. A recenl evaluation of various methods of rese-
dial actior of uranium mill tailings coacluded that L/FA injection
could offe- a viable solution (Tamura and Boegly, 1902).

DESCRIPTION OF THE LIME/FLY ASH PROSSURE IMJIECTIOM PROCESS

The Li=2/F)y Ash (L/FA) pressure injection process consists of
pumping 16%3 the ground a slurry mixture of hydrated lime, fly ash and
water contzining from 30 - 60X dry solids. Injections are made ver-
tically inzs the ground with holes typically spaced on a grid patiem.
Initial inizctlions are often followed by secondary or eveo tertiary
injections, spaced esqually between the previous injections. Depth of
injection will vary based on specific job site conditions, e.g., Lypi-
ca) depths 3-m to 1Z2-m for landfills. Typical mobile injection wunits
used for s:abilization work up 1o 6-m deep. A standard injection rig
i¢ equippe: with three or four isjection pipes that can be hydrauli-
cally pushes into the soil. The pointed tip of each injection pipe
has 2 periorated hole pattern which disperses the slurry in a 360
degree paii2rn throughout the depth of injection.

The Li7R slurry pressure and flow are obtained from 3 large
displacesmer: type pump, vhich is mounted on Lhe slurry mixing tank,
which is ecsipped with a mechanical agitator and is capable of bulk
wixing 28 - 80 tonne of lime/fly ash. The resultant L/FA slurry is
pumped a1 oressures of 350 to 1400-kPa through a high pressure hose to
the injection rig. Slurry is injected av freguent depth intervals to
refusal or in a slow continuous motion either up stage or down stage
until a sp2cified quantity is injecied. The slurry, following the
paths of l=z2st resistance, is forced laterally and vertically into
voids, crazcs, and fissures, and available voids to form honeycomb of
L/FA grout inroughout the landfil) mass., MNormally il is necessary to
make seconcary or tertiary injections to install a sufficient quantity
of L/FA grout into the landfill mass. The subsequent injections are
spaced equzily beiween previous injection holes and are pumped to
slurry ref.sal or until a predetermined quantity is injected. The
resuiting _/FA grout seans become moisture barriers that impede

mpisture movement and add tensile reisforcement and coapresswe
strength teroughout the stabilized mass. -

The acount of L/FA slurry reguired for stabilization can vary
considerab.y, depending on L/FA grout material properties, injection
depth and s2acing, permeabilily of the mass and degree of streagth and
stability cequired. A typical value of slurry vequired s in the
range of 2. to 40 kg per cu m for a single injection and about 60 to
80 kg for : double injection.

¥hen :lgbilizing existing landfilis that are ful) of water and
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leachate, the question of how Lo dispose of the c’splaced water repre-
sents a difficult construction design decision. e solution that

has been proposed is to establish well points ahead of the injection
operation Lo extract leachate by recycling into ssbsequent L/FA slurry
and thus placed back into the ground as an integr2] part of the stabi-
lization process. Cven highly acidic leachate can be neutralized with
available lime al the site and reused for injection, In a project
using L/FA and DBC the ligquid could be stabilizee prior to ihe DDC.
This would be more difficult, but DDC caennot be Lied on a satwrated
site.

In remedial Vandfi11 L/FA injection applications a substantial
portion of the voids should be filled to achieve zdequate bearing
capacity and stability to existing structures. '’fA injection is
often a feasible void fil)ing method in conjunctisn with stabilizing
the actual landfill materials. Should the injeczz20 Vime/fly ash
slurry subsequently crack, it possesses the inherent ability to reknit
the cracks due Lo a phenomenon called autogeneous healing that also
occurs in Visme-based mortars. Lime/fly ash slurries havden as a func-
tion of time and temperature, but generally less rapidly than Portlond
ceoenl grouts.

In some projects ¥t is desirable 1o utilize 2 cowbination of bLoth
lime and lime/fly ash pressure injection in stages especially where
excessive acidily is present or where primary treatmenl is necessary
for mcthane gas. A 48 hour curing period is allowed betlween suc-
ctessive injections. LSPl or L/FA pressure injection should never be
applied in freezing weather, and should not be done at S (€ and
falling temperature. Nhen tewperatures are marginal), the elevated
tanperature of hot slurry made by job site siaking quicklime into
hydrated Vime slurry is an advantage, (Boynton and Blacklock, 1985).

Both time and Yime/fly ash slurry mixtures arz cQually viable for
deep insitu Jandfill treatmenl with modern pressure injection tech-
nology and the choice of how much and which mate-ial to use is on
engineering decision based on individual job site conditions as deter-
wined by field ynvestigations and laboratory teszs. Usually, multiple
injections are necessary 1o achieve full stabilization for more con-
centrated treatment. In some instances joint use of lime and lime/fly
ash pressure tnjection in siages, with a curing ;imeg between applica-
tions, is the indicated wethod 1o employ for fuli pemdncnt
ennro/slructural closure.

DYMAHIC DLEP COMPALTION

Dynawic Decp Compaction (DDC) is a ground modification process
for increasing the stability and strength of landiills for support of
shallow foundations for buildings and roads. 1t involves the applica-
tion of very high enerqy tmpacts on the surface from heavy 9 - 18
tonne weights (See Fig. 3 and 4). The dynamic imsact of a heavy
weight, dropped from heights up to 30-m, tranmit: shock waves downward
through the rock cover and the deep londfill layzrs which compacts and
re-arranges them inlo a denser stronger configurezion. ODC reduces
the permeabilitly, porosity, and volume of 1he voizs, thus reducing
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subsurface flow anc increaseing the strength. It does oot treat pH
levels lo reduce meinane gas generation; however, it does lypically
reduce eachate gen:-alion through reduclion of ponding caused by loag
term settlement and ~estriction of free water flow. In some applica-
tions DDC can be uszd independently and in others it should perform
best when combined with LSPI or L/FA injection stabilization to
further increase sivangth, reduce settlement, veduce methane gas

generation and impel: Jeachate migration. Successful site improvement
using DDC involves:

1} Accurate prelictioas of energy and drop-spacing requirements.
2) Careful and Zontinuous contrpl of operations al the job site.
3) Knowledgeab' = geotechnical testing to verify effectiveness,

To date, eost @plications for landfi)) stabilization have beenm -
for the purpose of righway construction; however, a review of many
projects in the plariing stages indicates that this proven econowmical

system is a likely t2ndidate for enviro/siructura) waste site closures
and remedial restoreiions,

LANDFILL STREMGTH C7_CULATIONS

The calculatior and prediction of strength in L/FA injected land-
fills s based Somes:at on tonjecture and appraisa) of the original
landfill contents; however, there are certain known strength facts
concerning the comprassive strength of neat L/FA mwixtures which can be
used. Two hardeneo _/FA grouts with moisture contents of 50 and 80
percent have. been seiected to represent the high and low grout
sirengths anticipates in an average landfil) injection project. These
lWo grouts represenl 3 compressive sirength spread of from 14 to 3.5
Wa respectively. Tee resulting cowpressive Sirengihs obtainable
in an injected landlil) duc lo the incresse in strength resvlting from
the hardened injectes grout is shown plotted (See Fig. 5). Experience
has shown that injetzion can result in typically placing 70 kg of
solids per cubic met-e of freated tamitil] mass. From the curves
it can be seen that inis couvld result in a high vertica) bearing
strength value of 695 kPa if the hardened growt is formed at 50 per-
cent moisture conten: or a low strength value of 220 kPa if the hard-
ened grout is formes at 80 percent moisture conlent. The sajor
factors effecling 1h: moisture content of the hardened grout include
available water in toe landfill, density of the landfill and total
amount of slurry injzzted. While it is difficull Lo determine qQuan-
titively the final s:rength, i1 should be within the range of the two
curves shown. (The nigh curve is for 13 wPa grout and the low curve

is for 3.5 mPa grout.) Intermediate values lie between the two
curves.

ENVIROKMENTAL LANDFE.L STABILIZATION APPLICATIONS OF LSP] AND L/FA

In the fulure, ine polential for air quality and related health
impact from Jamdfil: gas (LFG) emissions will be scrutinized carefully
by the public and rezslatory agencies. Conceivably, {F6 emissions
tonirol covld becom: 25 important as leachate contvol at owr Jandfill
disposal sites (Stei=ns and Beizer, 1985). -LFG is generated by’
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natural anaerobic ¢zZomposition of organic waste within the landfil).
The LF6 is composez primarily of melhane and carbon dioxide. For
years, the principe’ concern of regulators and landfill managers has
been the potential “lammability and cxplosive harard of the methane
gas. The two basi: approaches te the control and prevention of
methane buildup an: migration in sunicipal Jandfills have been
installations of wz2rvious barriers and gas ventilation systems;
however, it has lor: been noted thal LFG production is also pH depen-
dent, especially v 2n reyard to increasing gas generation
commercially. Meirznogenic bacteria function best in the range pH 6.4
to 7.4, Calciwm hyiroside has been oftes used to raise the pii into
this range where msihanogenic bacteria operate best to achieve greater:
methane gas produciion and in a few cases into an even higher range
where methane gas ::ineration is reduced or eliminated. Most refuse
that is buried deczys relatively slow, but by controlling the con-
ditions such as plt 2ad woisture, a landfil) can be changed into a more
effective decomposizion site and a better gas production facility
(Malone, 1984).

) !he concepl of tireating leachate movement with stroctural stabi-
lization methods iriglves the reduction of flow characteristlics of the
entire landfi)l mes:. A wel) compacted, well grouted landfill wi)) be
less likely 1o caus: leachate problems, even when unfortunately it has
been located near : river or over a ground water aguifer (See Fig. 6).
‘As reported, {Blacciock anv Wright, 1984) perculation tlest before and
after L/FA injectio- have shown substantia) reductions in water flow.
More research meed: io be done 1n this area, but it certainly lpoks
Yery promising Lo c:ite,

A method for :ne analysis of refuse stability was presented by
8ookier and Mam, 19:2. They reported data oblained by testing and
analyzing refuse from lest lysimeters and actual landfills across the
United Stztes. Th: rate of refuse stabilization in a landfill is F
va1u§ble parameler n predicting future leachate generation, gas pro-
duction, and differantial settlcesunt, Of particular interest was the
range of pH values “ound during their study in controlled-aged test
Jysimeters, The avirage pH found in fresh and ome year lest lysime-
ters was 6.9 and i: «as pll 4.4 at six years and pH 5.3 ot nine years.
In ad@ltnop. Lhe peser presented data showing the Los Angeles Area
Landfill with a pii 3.3 - 7.5, the Mew York Area Landfill wWith a pH 8.9
- 9.), and_the {hiczgo Area Landfil) with a pH 6.3 - 8.1. Clearly
1h1§ data indicave: the complexity of the problem of redacing melh;ne
93s ‘generation by p- control. -Although this method has apparently
worked in the cese studies, (Blacklock and Wright, 1982) there needs to

be much more study srior to general application of the LSPJ and
methods for this puTpose. I a L/FA

One attespl 1o generate new data for greater understanding'bf
methane reduction pissibilities was funded by the Hational Lime
Association (KLA) tnrough Hoodbine Lorporation in 1985. A short test

N C : ed utilizing six existing refuse
filled ly5|me!ers 1523ted al the University of Cincinnati and owned by
the Y, S: favironm:- 1al Prolectios Agency. In August, 1985, three
test lysimelers wer: injected with 1ime slurry, two were in}ecled With
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L/FA slurry and one was left untreated (See Fig. 7 and £). The unils
were then monitored for methane gas production for five oonths, Sept.
1985 - Jan. 1986. As expected, the pH in each unit wen: up aftler
injection; however, the average change was perhaps too ssall to pro-
duce the best benefits. The average pre-injection pH of the trested
lysimeters was 5.7 and the final post-injection pH was £.7 at the end
of six mwonths. In the month jumediately after injectior, the methane
g2s generation rose sharply from an average value of 907 L to 1872
per month., Whether this increase was caused by the infiux of new
calcime rich moisture, it s nol known for sure; but sirZe the test
lysimeters were already saturated and producing, it is zost likely
that the increase came solely from the raise in pH. Al tne end of six
months Lhe methane production value had fallen to 726 L per month. 1In
cach lysimeter there was a large increase the first monin and a steady
reduction each month thereafter. In this respectl the sata was con-
sistent. In 19804, at the end of the previous test proc-am, these same
lysimeters had an average monthly production of 1427 L. The NLA test,
although short and cconomically funded, indicated that ine gas
generated in the sixth month after treatment was 80 per:zant of ithat
immediately prior to the test, and 50 percent of that waich had stabi-
lized as the average monthly production in the year 198, prior to the
test. Based on the success or lack of success of this short test
program, depending on your point of view, the U. S. EP: Office of
Research and Development procecded in 1986 with plans izr a full scale
landf3}1 L/FA injection stabilization program to incluc2 the develop-
ment of gas, leachate, strength, and settlemant researc: dala.
Unfortunately, the funding was withdrawn from this projact prior to
actval start of work. ~The complete resesrch plans are on file and
available when additiona) funds are wmade available to conlinue the
project.

iyt s
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The many desirable characteristics of }iwe for stedilization of
Tandfills also include treating spent pickle liguor imsyundments by
LSP] to raise the pil to 6.5 and then sending it into tr:z city system,
{Crowley, Brown and Anderson, 1984). In this projecl, :wo impound-
ments containing sludge and pickle liquor were treated »ith lime
injection. The CalDH) slurry was injecled at 1.5-m iriervals, using
a small tractor equipoed wilh 3.7-m injection rods, Ciosure of the
active jimpoundments consisted of five phases:

1) Neutralization of the liquid and pumping Lo the city.

2) Heutralization and dewatering of the sludges.

3) Investigation of the soils beneath the impoundrents.

4) Placement of a cover in accordance wirth regulazions 1o close
impoundments as landfills.

5) Continuation of ground water monitoring.

The clay cover was covered with topsoill and planizd with grass.
Ground water moniloring was planned to continue until :11 values sta-
bilize or return teo background levels.

SITE EVALUATION

Kaste Site Investigation--An effective waste Sil: investigation

LANDFILL. STABILIZATION 287
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should consist of a thorough surface and subsurface effc-t. The sur-
face efforts should include examinalion of arial photoor:ohy, topog-
raphy and comsiruction maps to pin point location of nez-dy phvsical
features, wells, creeks, rivers, drainage ditches and suriace gra-
dients. In addition, ihe geotechnica) engineers’, owners® and
contractors’ representatives should meet at the site as Tzcessary 10
walk out and plan the subsurface drilling program and lzz2r to plan
the enviro/structural stabidization program,

S e Rl

The geotechnical enginger with associated geohydraicgists and
environmental engineers should conduct a thorough deep c-idling and
sampling program to characterize ihe layers and placement of refuse and
collect sanples for amalysis. Llaboratory analysis of tez subsurface
materials shouwld include determination of information or soluble
sulfates, total swvifates, pH values, metal concentration:, percenlage
of il 0, percentage of volatile, percentage of cellulose, oercentage of
Vignin, and date of placement. 1In some locations il micst also be
advantageous to perform before and after standard insite geotechnical
tests to deterwine Lhe actua) amount of improvesment and :ne depih to
which improvesent was effective. These tests include s:zndard
penetration, pressure meter and dynamic cone penetratior tests; and
they should be used across Lhe entire site and for the .11 thickness
of the loose fill.

Fig. 8 = Lyaimeter Injaction in Progress
BN

Materjal Test--In addition 1o the waste site inves:igation
discussed above, it is also necessary to test 2ll source materials for
injection. It is wel) established that there is a consioerable
variation in fly ash materials from different sources an? new tests
are necessary for each project. Eaperience and chemica’ composition
tests will help evaluate these performance properties; nowever, it is
always best lo evaluale the materials structurally by performing a
series of cube 1ests or compression cylinder tests. These tests
should evaluate time, temperature and strength variable: for dif-
ferent mixing times, different mix ratios and different material manu-
facturers or sources, Mhere possible the test should uzilize actual
water samples from the landfill site to manufaciure labcratory lest
samples.

RIS TYT

Field Pump Tests--In wany instances it wight be aovantageous to
conduct a trial pump test during the design stage Lo deizrmine the
slurry: volume placed with a single aor double injection. Also it might
be desirable to dig a trench to observe slurry flow in tne trench side
walls, especially if there is a question about availabl: fissures and
openings in-the landfill mass to. accept the slurry. This type of data
alsp could be obtained from soil drilling equipmenl lo c2pths extend-
ing 1o the botiom of the site.

v

L/TA Injection

P R

Surcharge Tests--For certgin sites where consolidation and
setilement are the major structural problem, it could be advantageous
to inject a testl pad and then surcharge the pad as well 2¢ a control
section and monitor the results. This has been used effectively in
the past to evaluate the LSPJ and 1 /FA systems at prospsitive waste
si1te locations. Other methods of evaluation include pe-zulation tests
{Blacklock and Wright, 1984).

Fig. 7 - ZPA Labderatory Experiment fos
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CASE HISTORIES OF LAMITILL EMVIRO/STRUCTURAL STABILIZATION

The twp case histories that follow represent the state of the art
of L/FA injection anz ODC landfil] stabilization. Many other case
histories have been r-esented in the references, (Blacklack, Josi and
¥right, 1982, Blackiczk and Wright, 1984). These two were chosen to
illustrate the recen. experiences of owners, contractors and engineers
with development of =nis new technology. Other recent landfill case
histories include L/ injection of a new constructed health clinic in
Dallas, DDC of a new nighway in Ocdahoma, L/FR injection of Jow level

radioactive wasie at Jak Ridge and cement grouting of a failed

occupied building 5izd in San Antonio. Each of these cases as well as
several others in tn: planning stages could serve to illustrate still
other isportant face:s of the enviro/structural technology for land-
fill stabilization. :

Case History Mo, 1
Dynamic Dezo Compaction of a Sanitary Landfil) to
Suppz-t Highway Relocation in Arkansas

beatechnical excioration by the Arkansas Highway and

Transportation Dept. uncovered a 170,000 m sanitary landfill closed
in 1979 beneath the croposed right of way of 2 new four-lane divided
highway north of Fayztteville, Arkansas, U.S.A. (¥Welsh, 1983). After
deternining that reic-ation was impossible and removal environmentally
impractical, the Dep2-tment’s engineers decided Lo vse Dynamic Deep
Compaction (DDC) to consify the 10 m deep Jandfill which was installed
in 1977 and 1978. Tnz Depariment entered into a contract with GKN -
Hayword Baker Compane for the DDL portion of the construction. The
Yederal Highway Depa-ument provided 751 funding of the construction

- and 1004 for the monitoring of the finished project.

A large moditiez crane dropped an 1B toane weight from up to 28 m
using three passes »itn an average of len blows per pass. The entire
site was depressed oztween 1.6 and 2.5 m. Due to the nom-homogeneous
nature of the fill, conventional geotechnical instrumentation was
judged tp be- unsatisactory to determine the effectiveness of the com-
paclion system; therzfore, two instrumented full scale load tests were
performed and 30 percanent setilement plates were installed.

The DOC work pe-sormed at this site created a stiff rock mat some
3 o thick and resulizd in a net compression of the landfil) some 1.6
to 2.5 m or 20 to 2% percent of its original depth. The trash beneath
the rock mat was sursiantially compacted by the DDC method. The road
was completed and opzn to traffic in December 1984. As anticipated,
the fill material h2s continued to slowly setlle due to decomposition
of the organic constituents. In 1985 the AHID reported one major area
of settlemeni; howevar, overall, the settlement was nol generally
deemed noticeable a: nighway speeds and no corrective measures were
necessary at that 1172, PMonitoring is planned to be continued.

g ¢ %“Mﬂl‘- e RN 4yt
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Case History No. 2 .
San Antonio Municipal Landfi)) Case History

In the spring of 1986, a municipal landfill building site for 3
new veinforced concrete tilt-up wall office/warehouse was stabilized
with L/FA injection. The waste refuse material was deter-ined by a
geotechnical investigation to be 5-m deep with 2 ®w of expansive clay
cover cap. The 1andfill which had been closcd for severz: years was
located mear the airport in a prime commercial area. The building
site was 8600 sq. m, of which 3000 sq. m was to be under znhe building,
The walls and floor of the building were to be supported on drilled
piers to 6-m deep. The vwmer and developer were concerne- aboul the
bearing stirength for the parking lot surrounding the buiiiing, the
expansive movement of the clay cover, the long term settizment and the
possibility of methane gas generation of the entire site. Based on .
the prior success of the L/FA method in treating similar sites, it was
recamnended Lo double inject the site with L/FA slurry tr a depth of
S-m over the entire site and to LSP] stabilize the clay t2p to 2-m
under the footprint of the office building. The LSP1 tre2iment was
Jater omitted due to schedule and economic considerations.

The contractor injected the site using three slurry cixing tanks,
one for quick-lime slaking and iwo for continucus mixing of L/FA
slurry. The slurry was injected with trac-injectors witr 6-m injec-
tors. The total awount of dry Yime/fly ash material ins:zlled was
approximately 1600 tonnes. At ihe conclusion of the stacilization the
site was leveled, exposing a hard thick seam of L/FA grou: in the clay
cap. The piers were drilled next and then cased and concrete
installed. The building was designed with & dock high fioor utilizing
numerous rectangular vents as a precauvtion in the event inat a methane
gas problem developed. There are no plans atl this time io con-
tinuously monitor the site; however, it will serve well ior a long
term study since the construction was well documented by the.contrac-
tor, Moodbine Corporation, and the developer.

SURBHARY

"Based on several individual case history experiences of LSPI,
L/FA and ODC, it is believed that a proposed combination stabilization
method of LSPI, L/FA and DDC has much future potential for economical
treating of wunicipal landfills. Today there is wuch corzern over
toxic Jeachates contaminating of ground water aquifers, end it appears
that LSPI and L/FA could play a2 major role in protecting ground water,

neutralizing leachate plumses, and for placing curtain wails to prevent
leachate migration.

From the foregoing discussion and case histories of jandfill sta-
bilization experience, it has been shown Lhat lime and Jize/fly ash
pressure injection as well as deep dynamic compaction are promising
approaches for waste site stabilization for both remedia. zlosure and
preventative purposes, and that added potential lies in <ne use of
combining these two technolegies where DDC would initialiy reduce
large voids and L/FA grouting would strengthen and seal £3sL remaining
smaller voids. The diversity of applications to date inziudes
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building fouriations, parking lots, highways and controlled hazardous
waste sites, 25 well as acid neutralization and methane gas control.
LSP] can be .sed as a3 single treatment metbod for pH contro) or in
conjunction «ith L/FA injection and deep dynamic coapaction where
settlement a:2 strength are factors. By using the correct combination

.of the threz sifferent technologies for landfill stabilization, LSP),

L/FA and ODL zan be expecled to redute potential settlement, increase
internal shez- sirength and surface bearing values, stabilize moisture
content, cem:nt free subsurface moisture, impede seepage and flow of
leachates an: reduce methane gas evolvement.
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Adrian Landfill Gas Collection/Flare System
Maintenance Program

Maintenance Supervisor Robert Willis (Division Manager)

The landfill gas collection system consists of the landfill gas wells,
the gas collection header piping and the condensate collection sumps.
The gas flaring system consists of the inlet water knockout, two gas
blowers, an air operated valve, the electrical controls and the gas
flare.

The principal purpose of maintaining the gas system is to maintain flow
to the flare so to prevent offsite gas migration. This will also
prevent air flow into the refuse which causes an aerobic reaction that
prevents the formation of methane. Air intrusion can also be the cause
of subsurface fires which can cause the landfill surface to collapse
and/or smoke to emanate from the landfill surface.

Maintenance of the gas system shall consist of a minimum of biweekly
monitoring of the gas wells. Monitoring should include measurement of
the methane and oxygen content and the wellhead vacuum. The methane
percentage should be maintained between 40% and 65%. Oxygen levels
should not exceed 2% by volume. Vacuum has no set value, but all wells
should have some vacuum to maintain gas flow to the flare.

Adjustments to the wellhead vacuum should be made as follows:

If methane is below 40%, or if oxygen exceeds 2%, the vacuum should be
reduced to prevent further oxygen intrusion into the refuse. Methane
levels above 65% usually indicate that an insufficient amount of gas is
being extracted. In this case, wellhead vacuum should be increased. If
methane falls below 35%, the gas well valve should be closed fully.

This will allow the refuse in the vicinity of the well to consume the
entrained oxygen and, after time, become anaerocbic. When the methane
percentage exceeds 45%, the valve can be opened again. - '

A gas well monitoring log shall be maintained on site. This log should
include the well number, the date tested, recorded values and a notation
of any adjustments made.

The condensate drains in the gas piping allow the liquids in the system
to flow to collection sumps. Condensate is then transferred to a
holding tank for approved disposal. If the drains fail, condensate will
build up in the gas piping and may cause blocking of the gas flow. This
condition can be detected by observing the vacuum at the pipe header -
valves and at the inlet to the gas flaring station. Wide swings in
vacuum, greater than 4" of water, usually indicate water buildup in the
piping. If this condition occurs, condensate drains in the area of the
vacuum fluctuation should be checked for proper operation. Header valve
-vacuum shall be recorded in the same log as wellhead monitoring data.
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Maintenance at the gas flare station shall consist of gas flow
monitoring and periodic maintenance of equipmeént as described in the
manufacturer’s information.

The inlet conditions of the gas at the knock out scrubber shall be
recorded as described for the gas wells. The scrubber itself should be
examined weekly to be sure that water is not accumulating. This can be
. accomplished by examining the site glass on the side of the vessel.

The gas blowers shall be maintained as described in the "Lamson
Corporation Product Data Installation & Operating Instructions". The
blowers shall be lubricated after every two months of operation as
described in the LUBRICATION Section of these instructions.

Only one gas blower need to operate at a time to maintain adeguate gas
flow off the landfill. To insure that both gas blowers are always
capable of operation, the duty blower should be switched on a monthly
basis. To do this, shutdown the system, switch the blower select button
on the control panel to the opposite blower, close all valves to the
present blower and open all valves to the opposite blower, then restart
the system. System start procedures are described in the McGill Flare
Manual.

Each blower has a vacuum gauge located at its inlet. A high level of
vacuum indicates blockage upstream of the blower. If this condition
exists, start the non—operating blower and shutdown the blower in
question. After shutdown, examine the inlet screen for blockage.-

Each gas blower is protected against low flow conditions which cause
surge. Surge is where gas flows back and forth through the blower.
This condition can cause severe damage to the blower impellers and -
bearings. It is usually caused by a pipe blockage upstream or
downstream of the blower. Protection against surge is provided by an
electrical control located near the flare control panel.

When low gas flow conditions occur, the blower motor amperage will fall
below a set point. This will open a switch which shuts down the blower.
A light on the front of the panel will indicate if surge occurred. - [The
meter on the front of the panel is a meter calibrated to gas flow. It
only gives a magnitude of the flow and is not considered to be accurate,
-to better than 10%. The orifice plate should be used to determine an
accurate gas flow.] .

If the blower shuts down on surge, the cause of the pipe blockage needs
to be determined. Restart the system and check inlet vacuum and -
discharge pressure. The high value will indicate which side of the
blower the blockage is on. If it is in the inlet, check the inlet
screen, water knockout scrubber or the condensate drain. If it is on
the dlscharge be sure the main inlet valve is operating properly and
that there is no buildup on the flame arrestor.
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The main inlet valve at the flare opens after a pilot flame has been
confirmed by the ultraviolet flame sensor. This valve remains open
unless there is an interruption of the flame in the flare. If this
occurs, the valve will autematically shut. This valve is held open by
air pressure from the air receiver located next to it. No normal
maintenance is required for this valve. The air pressure in the
receiver shall be maintained at a minimum of 85 psig at all times.

. The gas flare temperature should be maintained between 1400 degrees F
‘and 2000 degrees F. Teamperature adjustment is made by setting the
controller to the desired temperature. The manual louver may have to be
adjusted so that the automatic louver is not fully opened or closed.

The McGill Flare Manual has detailed information on the operation of

this equipment5
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Maintenance

- Monitor the gas wells and header'valves biweekly for methane/oxygen
percentage and vacuum.

- Maintain gas flow into the flare between 500 (min.) and 1500 (max.)
cfm and methane percentage at 40% or greater.

~ Switch the duty gas blower monthly.
- Lubricant blower bearings as described in LAMSON Manual.

- Maintain the air pressure in the receiver tank at a minimum of 85
psig.

— Check the level of propane in the storage tanks weekly. Keep-at
least one tank full at all times. .

— Maintain flare temperature at 1400 degrees F or greater.

— Replace flare temperature recorder paper monthly.
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Malfunction

In the event that the gas flaring éystenlexperiences a breakdown;
the following procedure shall be adhered to:

— Determine the cause of the breakdown. If the problem is minor and
can be corrected, do so as soon as practical and restart the flare.

- If the breakdown exceeds two hours, call the DNR Air Quality Division
at 517-788-9598 and notify them of the situation as soon as reascnably
possible. The permit number for the flare is 799-89.

— Submit to the commission, in writing, within 10 days, a detailed
report, including probable causes, duration of violation, remedial
action taken, and what steps are being undertaken to prevent a
reoccurrence. These preventative steps shall become a part of any
malfunction abatement plan required by rule 911. '

Shutdown:
A - Check to see if the gas blower shutdown on surge:

1) Restart the blower and flare and then determine inlet vacuum and
discharge pressure.

2) Vacuum above 45 inches w.c. indicates plugged inlet:

— Clean inlet screen.
~ Check water knockout and condensate drain for blockage.

3) If the discharge pressure is above 20 inches, it indicates a
dowvnstream valve is closed or that there is a buildup of materlal

on the flame arrester:
-~ Clean flame arrester by removing it and then steam jetting 1t

clean.
- Check the air pressure to the main inlet valve - this should be

85 psig or greater.

B ~ Check methane and oxygen quality of inlet gas.
— Methane values should be between 40% and 65%.

—~ Oxygen should be below 2%.

C - If flare has a shutdown on high temperature or pilot failure:
- Check page 13 of McGill Flare Manual for troubleshootlng

procedure.



